Reinforcing bars (rebar) comprise an integral part of a concrete structure, and play a major role in the safety and durability of the building. However, the actual placement or installation of rebar is not planned and controlled by the detailer. Recently, 4D simulations, using 3D model and scheduling software, have been used to improve the efficiency of the construction phrase. However, 4D simulators have not been introduced at the detailed level of work, such as rebar placement. Therefore, this paper suggests a BIM-based simulator for rebar placement to determine the sequence with which rebar is placed into the form. The system using Autodesk Revit API automatically generates rebar placement plans for a building structure, and labels the placement sequence of each individual bar or set of bars with ascending numbers. The placement sequence is then visualized using Autodesk Revit Structure 2012. This paper provides a short description of a field assessment and limits.
1. Introduction
Background and objective
The placement of reinforcing bars (rebars) has a great impact on the cost and quality of a structure. The rebars should be placed on the proper places in accordance with the drawings and specification to provide structural performance. To secure durability, the minimum concrete cover should be maintained . In addition, although rebars occupies a small portion of the volume of reinforced concrete, their contribution to the cost is approximately equal to that of concrete [1] . Therefore, to reduce the construction cost, the rebar work should be improved, so some of research was done to improve the quality and reduce the cost by performing an analysis of the actual condition of rebar work [2, 3] . To perform the rebar work, after winning a contract, a subcontractor specialized in the rebar work prepares a rebar placing drawings itself or places an order to prepare it to a detailer, and then bar lists are prepared by collecting the data on the rebars by shape and size. Based on the bar lists, rebars are fabricated in a construction jobsite or a fabricating shop. After bar fabrication, rebars were delivered and placed by Ironworkers [4] . Due not only to the low utilization of placing drawings in the past but also to the manual creation of the placing drawings and the rebar lists [5] , some studies have been carried out on the development of a CAD-based system that can create such documents automatically [6, 7] . As the rebar information is usually created first at the structural design stage, the idea of an integrated automation process, from extracting the rebar information from the structural designs to generating the placing drawings and the rebar lists and calculating the rebar quantities to be used [8] , was presented at the early stage. Ideally, the entire process would be integrated like this, but it is actually impossible to achieve this in reality, as frequent changes in design take place. Therefore, based on the structural drawings delivered to the constructor, it is realistic to simply automate the process after which structural drawings is delivered over a general contractor. [11] .
A construction simulation enables a review to be performed in advance of the actual work, reveals the problems in the construction work to review the drawings, and corrects the errors that have been found, and many studies have been done in this area. Based on the 3D object model, an object library was built to conduct the integrated management of design and construction information, and a prototype 4D simulation was presented, in which the object library was integrated with the information of processing and construction plans [12] . Diverse studies to improve the usability of 4D simulation have been carried out [13, 14, 15] , and multiple commercial software packages have been developed and utilized in the business practice. As noted in the previous research [5] , the software is excellent in the visual aspect, but too much stress has been placed on the visual function at the expense of providing a function to manage other processes or construction plans. In addition, the conventional software can run a simulation with the concrete member unit, but does not provide any function to simulate a detailed unit such as a rebar unit. BIM can be utilized in many ways using the geometric information and other properties of 3D objects. It is believed that if a simulation is performed not only of the process of an entire project but also of work sections in detail, BIM can be applied to various fields of construction management. According to the structural code and specifications, rebars should be placed appropriately, so a thorough plan is needed for smooth progress. Therefore, if the placing sequences can be reviewed using an appropriate simulation tool, both the quality of the rebar work and overall constructability can be improved. Therefore, this research aims to develop a simulator that can review the placement sequence based on BIM. By using the simulator, the problems in placement can be reviewed beforehand, and the quality of rebar work will be improved and the constructability will also be advanced accordingly. 
Scope definition and method

Development of a rebar placement simulator
The system consists of the clash detection function and the simulator to perform a simulation of the placement process according to the placement sequence. This system is implemented using Revit API (Application Programming Interface) of Autodesk. Revit API provides a function to create and edit a Revit model using an external programming language. In this research, Visual C# 2010 Express was used.
Clash detection
When the placing drawings are made, the clash detection is not usually performed [1] . For this 
Case Description
The simulation of the placement obtained by the algorithm presented in the previous section was applied to a site to verify the validity of the system. The site was a 4-story middle-sized office that has the slab-beam-and-girder floor systems. As presented in the introduction, this research was restricted to the post-processes of the placing drawings, and rebar for each member was modeled using Revit Structure 2012. Figure 3 shows the models created using Revit Structure 2012. Generally, bars are produced at standard lengths by bar producers. Therefore, when the span of a beam is long, bars should be connected by lap splice. However, a stress was put on the placement sequence here so that the span was displayed as a member, without taking the lap splices part into account. To resolve the problem of clashes, the location of the rebar with the problem should be changed.
Clash detection
In the case shown in Figure 4 , the problem was resolved by moving the beam bars inside column bars. At this time, the net distance of the beam bars cannot be secured, and thus it should be reviewed. rebars to be placed so that the user can check it conveniently. Figure 6 illustrates the simulation of placing the slab bars. Here, the 6 steps of the placement sequence was shown, from the first bottom bars in the short direction and the sixth bent bars in the long direction.
A stimulator for rebar placement
Expected effects of the system 3.4.1 Placing drawings check
With this system, users can check whether any rebar is omitted after the placing drawings are prepared. Generally the placing drawings are prepared manually by a detailer, and it is likely to omit rebars in some cases. If the placing drawings are checked using a simulation, any omission of rebar can be identified visually so that the stability of the structure as well as the efficiency of managerial work is expected to be improved.
Rebar model check
The information of host members (base, column, wall, beam, slab, etc. concrete structure member to which rebars are placed) is stored when rebar is modeled using Revit Structure 2012. When a bar list is made up based on the rebar model data, the information is extracted by concrete host member group. Therefore, if any host member is assigned incorrectly, it can lead to error in the data by member group. However, this system allows users to check the detailed rebar placement by group member, which is believed that the error can be identified in advance.
Bar fabricating in consideration of the placing sequence
As described earlier, since bars are stacked randomly, the Ironworkers waste their time to find rebars they need, or they sometimes put wrong rebars together. The process should be improved for better productivity and quality control.
Therefore, taking into account the placement sequence, it is needed to fabricate, unload and store the rebars. To do this, the placement sequence information by member group should be extracted and managed. This system is expected to raise efficiency of managerial work related in the rebar work since it can extract the information of rebar information by the placement sequence.
Improvement of structural quality
When using the clash detection, users can identify the structural problem(s) that might take place in the future. In addition, the structural quality is expected to be improved because the simulator for the rebar placement determines the placement sequence taking structural performance into account. That is, when a member with much rebar is placed first, the main bars that bear much load can be placed farthest from the neutral axis, and the structural stability can be enhanced.
Limitations and future extensions
This research focused on the simulation of the placement sequence, the modeling was performed by simplifying the rebar work, and the lap splices were ignored. However, the bar spacing should be checked in case of the lapped splice at the site. When taking into account a condition similar to an actual site, the simulation is expected to be performed similarly compared to reality. Therefore, the actual time taken to place bars should be measured in the future to reflect it on the simulation program. The specific time spent in each section of the rebar work by the number of workers can be identified and utilized. This research was performed in a relatively simple middle-sized office facility. Therefore, if this system is applied to a large-sized building structure, the problem(s) will be different from what was found in this research. The larger a building structure is, the larger the data is to be processed because more different types of rebars are used. If the case may be, the system slows down to handle the data. In addition, as a good many of rebars are placed in a structure, the entire structure of a building is difficult to identify on a monitor screen so that it should be magnified using a large-sized screen and a projector. If the structure is complex like this, the entire sequence can be identified on a screen larger than a general monitor screen, and there would be many requirements of the specification of the hardware.
Therefore, the possible problems that might arise out of applying the problem to a complex structure should be considered.
Conclusion
A BIM-based simulator was developed to expand the usability of BIM and improve the quality and constructability of rebar work. The system can perform both clash detection and simulation of the placement sequence using Revit API of Autodesk.
The geometric information of the center line extracted by Revit Structure 2012 was utilized, and when the distance between the center lines was smaller than the diameter of the rebar, a clash is considered to take place. The simulator was equipped with an algorithm that determines the placement sequence by member group to increase the structural stability and constructability of the beams and slabs. That is, the beams that should bear much load or have larger cross section were placed first, and the sequence was determined to reduce threading bars in and around previously placed bars.
From the actual application of this system to a site, the omission of rebar and error can be identified in advance, and thus the system can provide support to proceed with the rebar work as shown in the schedule, and the structural stability is expected to be secured. However, this research was carried out in a relatively small building structure, the system should be expanded to perform a simulation for a large construction project by taking the standard length and the lap splice into account as well as to incorporate the time spent based on the actual data on the time spent in placing bars at a real site.
